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Llintic capture orbits around Mars and

have often been considered as means for

ng errival and departure energy require-
for two-wey missions. It had also gener-
cen feared that the energy savings obtained

turing a spacecraft into a highly ellipti-
bit (rather than a near circular orbit of

me periapsis) would largely be offset by
nalties incurred in aligning the semi-major
f the ellipse in such a wey as to obtain
oper orientation of the departure hyper-
This paper precentis the results of an

is which tekes into considersation the .
les arising from the requirement to match
Lcntatlon of the ellipticel orbit witn the
ote of the departure hyperbola. The sci-

¢ aspects of elliptical orbits around wae
planet are discussed, and i1t is shown

lch orbits exninis cbaraCuer’”i'cs wnich
considered adventegeous or d. Jdvantageous
ing on the purpose of the missicn.

lignment of the semli-major axis of the

= ellipse relative to the asymptote of the
hyperbola was found nct to be a critical
ament since the kinetic energy remains

ver a substantial portion of the ellipti-
dture orbit. This means that the escape
zan operate efficiently even when ignited
> angle from the true periapsis point.
2rable freedom in choosing this angle is
’le at little propulsive cost. The resuli-
situde in the choice o angles between

L and escape asymptote: xakes 1t possibie
sider a wide varilety oo iaterplanetary

>rs and planetary st.;cl.zs without the

)r separate propulsive zaneuvers to re-
she capture ellipse before departure.

L consideration has also been given to
thange maneuvers around the planet.

nay be required for reasons of orbit

:s or sclentific experimentation and ere
.quely tied to elliptical captures. The
.vity of the mass of the excursion module
eccentricity of the capture orbit is

sed and. mass-penalty diagrams are present-
; 1s shown that these penalties do not
111y offset the large gains obtained

! the use of the elliptical capture mode.

Intrcduction

capvure of a spacecraft arournd a

equires an amount or eunergy which is a
of the characteristics of the capture
For round-trip missions, low circular
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orbits Lave wost F
These o0rvits are t
capture and depariu
patibility with the 2
circular orbits, the kinet
at all points and, hence, =
the escape maneuver takes nis
i.e., as long as .the escase
the plane of the capture orzit, o
are equally favored. When the escune
does not lie in the plane of the o~;-v,
change 1s necessary. Since the encryy
for a plane change increases with the
energy of the point at which this plan
is to be undertaken, it is evident thes
more economical to undertake a plane che
the apoapsis of an elliptical orbit tn
point on a low circular orbit. ZEven in
case of those planetary round-trip missions
w.loh incorporate low circular capture orcits,
wed.ol change regairements often make it desir-
elliptical pre-escape orbits

av.e to consider
as a means of ‘reducing totel energy reguire-
ments. It follows that elliptic orbits may be
used around the planets in order to mininize
capture energy and departure energy and also to

inimize energy requirements for plane changes.
Since the alignment of the semi-m=jor axis of
the capture ellipse and that of ti.e pre-escare
ellipse will usually not be identical, methods
for "turning" the semi-major axis before escape
were found and have been described in the
literature.ls These methods have been found
to be generally costly in terms of energy and,
thus, were felt to have reduced the attractive-
ness of ¢lliptical capture orbits.

It is feasibis fo avoid this "turning” ,
requirement in & wide variety of cases by allow-
ing the capturz and escape maneuvers to take
place at some angle away from the periapsis
point. This possibility has been analyzed_ex-
tensively in a paper by Luidens and Miller
under the sirplifying assumption of purely
impulsive thrusting. This assumption is en-
tirely adequate for general mission analysis
purposes. For the®analysis of the propulsive
systems and the ‘operational factors involved, 5
however, one has to teke into account the dura- -
tion of the thrusting phase so that gravity ‘
losses and engine thrust levels may be studied.

In addition to studying the operational
problems of elliptic capture and escape, it is
necessary to examine in detail the impact upon

The mission objectives of the use of elliptical

// 000

{

FACIL

e et e g

(TARU) A
\::~~:¥¥e§??T>4;~
. (CODE)
‘Zf’(<>
)

(PAGES)
- G
(NASA CR OR TMX OR AD NUMBER]

“(CATEGORY)



